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Abstract: A new compound belonging to a dihydrotetrazolopyrimidine derivative, that is,
ethyl 5-methyl-7-(4-morpholinophenyl)-4,7-dihydrotetrazolo[1,5-a]pyrimidine-6-carboxylate, was
successfully synthesized using a Biginelli reaction between 4-morpholinobenzaldehyde, ethyl
acetoacetate, and 5-aminotetrazole with p-toluenesulfonic acid (pTSA) as a catalyst in ethanol under
reflux. The molecular structure of the title compound was characterized on the basis of spectroscopic
evidence, using FTIR, HRESI-MS, 1H- and 13C-NMR, and 2D NMR.
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1. Introduction

A Biginelli reaction is an acid-catalyzed multicomponent condensation of three reagents that are
originally from aromatic aldehyde, urea, and ethyl acetoacetate using hydrochloric acid as a catalyst [1]
to furnish dihydropyrimidinone (DHPM) derivatives [2,3]. This reaction possesses a great synthetic
potential to be extended via the use of new functional reagents. In its development, this reaction
served successfully to be applied for the preparation of various DHPM derivatives, including a
fused pyrimidine derivative and in particular azolopyrimidines [4–6]. Compounds displaying the
tetrazolo[1,5-a]pyrimidine core moiety are well known to show a wide range of pharmacological
activities, such as antituberculosis, anticonvulsant, and antidepressant properties. Furthermore,
they also exhibit activities such as sodium channel blocking, the inhibition of human neutrophil
elastase [7], and hypoglycemic [8], antibacterial [9], and anti-oxidant [10] properties. Therefore the
synthesis of derivative compounds with a tetrazolo[1,5-a]pyrimidine core is of considerable interest
for both organic synthesis and medicinal chemistry.

The introduction of a certain group into organic molecules will frequently change their
physical, chemical, and physiological properties, which may result in entirely new complementary
biological activity. On the basis of this consideration, we synthesized the title compound
of the dihydropyrimidine derivative constructed from a tetrazolo[1,5-a]pyrimidine core and
morpholino-phenyl group. The presence of a morpholinophenyl group in an organic molecule is
known to be responsible for certain biological activities, such as antibacterial [11], anticancer [12], and
also anti-oxidant [13] properties.

2. Results and Discussion

A Biginelli reaction is a multicomponent reaction that is known for its versatility by changing
its reaction components to furnish various DHPM derivatives. In this article, we report the
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synthesis of tetrazolo[1,5-a]pyrimidine by replacing urea with 5-aminotetrazole and benzaldehyde
with 4-morpholinobenzaldehyde using p-toluenesulfonic acid (pTSA) as a catalyst in ethanol under
reflux. The target compound was obtained as a purple needle crystal in a 58% yield. The molecular
structure of the product was established by spectroscopic evidence, using FTIR, HRESI-MS, and 1H-
and 13C-NMR. The reaction process is described below (Figure 1).
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Figure 1. Biginelli reaction of the title compound.

Ethyl 5-methyl-7-(4-morpholinophenyl)-4,7-dihydrotetrazolo[1,5-a]pyrimidine-6-carboxylate: Violet needle
crystal (1.0771 g, 58%). Rf = 0.47 (2:1 dichloromethane/ethylacetate). HRESI-MS: [M + H]+ calcd. for
C18H22N6O3, 371.1832; found 371.1833. IR (DRS, KBr, cm−1): 3242 (N–H), 3178 (C–H aromatic), 2943
(m, C–H aliphatic), 1712 (str, C=O ester), 1577 (str, C=C aromatic), and 1099 (str, C–O ester). 1H-NMR
(400 MHz, CDCl3) δH (ppm) 11.08 (s, 1H), 7.25 (d, J = 8.8 Hz, 2H), 6.83 (d, J = 8.8 Hz, 2H), 6.67 (s,
1H), 4.05 (m, 2H), 3.83 (t, J = 4.8 Hz, 4H), 3.14 (t, J = 4.8 Hz, 4H), 2.67 (s, 3H), 1.16 (t, J = 7.1 Hz, 3H).
13C-NMR (101 MHz, CDCl3) δC (ppm) 165.1, 151.5, 148.8, 145.8, 131.1, 128.4, 115.5, 99.6, 66.9, 60.6, 59.2,
48.9, 19.6, 14.2.

To describe the molecular structure of the prepared compound, first we analyzed the 1H-NMR
spectrum. The spectrum displayed a singlet signal at δH 11.08 ppm (s, 1H), indicating a NH amide
proton. The existence of four protons in an aromatic ring was established by two doublet signals at δH

7.25 ppm (d, J = 8.8 Hz, 2H) and 6.83 ppm (d, J = 8.8 Hz, 2H), which indicated that the protons were in
a symmetrical ortho position. Eight methylene protons of a morpholino group were displayed as two
triplet signals at δH 3.83 ppm (t, J = 4.8 Hz, 4H) and 3.14 ppm (t, J = 4.8 Hz, 4H). An ethyl ester group
appeared as two signals at δH 4.05 ppm (m, 2H) and δH 1.16 ppm (t, J = 7.1 Hz, 3H). A proton of the
methyl group was observed as a singlet signal at δH 2.67 (s, 3H) (Supplementary Materials, Figures S1
and S2). The spectrum of 13C-NMR showed 14 signals (Table 1), which represented all of the carbon
atoms of the prepared compound (Supplementary Materials, Figure S3).

The FTIR spectrum consecutively exhibited the signals of secondary N–H bonding, C–H aliphatic
bonding, the carbonyl of an ester group, the aromatic C=C functional group, and the C–O functional
group of an ester at wavenumbers (cm−1) of 3242, 3178, 2943, 1712, 1577, and 1099 (see Supplementary
Materials, Figure S4), whereas the HRESI-MS spectrum displayed a positive molecular ion [M + H]+ at
m/z = 371.1833, indicating a molecular formula of C18H22N6O3 and 11 degrees of unsaturation (see
Supplementary Materials, Figure S5).

The existence of the dihydrotetrazolopyrimidine was established by a HMBC experiment, which
showed a correlation of a proton at C-7 with an olefinic carbon atom (δC 145.8 (C-5); 99.6 (C-6)) and a
carbonyl ester group (δC 165.1 (C-9)). In addition, four correlations of a proton attached at a nitrogen
atom with an olefinic carbon (δC 145.8 (C-5) and 99.6 (C-6)), a carbonyl ester (δC 165.1, C-9), and an
aminotetrazolo-type carbon atom (δC 148.8 (C-5a)) were observed. The presence of an aryl substituent
attached at C-7 was proved by a long-range correlation of the C-7 proton with three aromatic carbons
(δC 131.1 (C-1′) and 128.4 (C2′; C-6′)). Moreover, the position of the methyl group at C-8 was proved
by a proton long-range correlation with the olefinic carbon atom (δC 145.8 (C-5) and 99.6 (C-6)) and
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carbonyl ester group (δC 165.1 (C-9)). The proton–carbon correlations from the HMBC experiment
(Supplementary Materials, Figure S6) corresponded with the prepared compound and are presented
in Figure 2. On the basis of the spectroscopic evidence, the prepared compound is a new compound
that has never been published previously.

Table 1. NMR data of the prepared compound in CDCl3.

No. of Atoms δH (mult, J (Hz)) δC (ppm) HMBC

4 11.08 (s, 1H) C-5, C-8, C-9, C-5-a
[5-a] — 148.8 —

5 — 145.8 —
6 — 99.6 —
7 6.67 (s, 1H) 59.2 C-5, C-6, C-9, C-1′, C-2′, C-6′

8 2.67 (s, 3H) 19.6 C-5, C-6, C-9
9 — 165.1 —
10 4.05 (m, 2H) 60.6 C-9, C-11

11 C 1.16 (t, J = 7.1 Hz, 3H) 14.2 C-10
1′ C — 131.1 —
2′ C 7.25 (d, J = 8.6 Hz, 1H) 128.4 C-1′, C-3′, C-4′, C-6′

3′ C 6.83 (d, J = 8.6 Hz, 1H) 115.5 C-1′, C-2′, C-4′, C-5′

4′ C — 151.5 —
5′C 6.83 (d, J = 8.6 Hz, 1H) 115.5 C-1′, C-3′, C-4′, C-6′

6′ C 7.25 (d, J = 8.6 Hz, 1H) 128.4 C-1′, C-2′, C-4′, C-5′

1” C 3.14 (t, J = 4.8 Hz, 2H) 48.9 C-4′, C-2”, C-4”
2” C 3.83 (t, J = 4.8 Hz, 2H) 66.9 C-1”, C-3”
3” C 3.83 (t, J = 4.8 Hz, 2H) 66.9 C-2”, C-4”
4” C 3.14 (t, J = 4.8 Hz, 2H) 48.9 C-4′, C-1”, C-3”
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3. Materials and Methods

3.1. General

All reagents and solvents (E. Merck (Darmstadt, Germany) or Sigma-Aldrich (St. Louis, MO,
USA)) were used without further purification. The reaction progress was monitored by TLC on silica
gel GF254 aluminum sheets (0.25 mm) using various developing system. Spots were detected under
UV light (λ = 254 nm). IR spectra were recorded in KBr powder with a diffuse reflectance method on
an IRTracer-100 spectrophotometer (Shimadzu, Kyoto, Japan). Mass spectra were recorded on a HR
Waters LCT Premier XE mass spectrometer (Santa Clara, CA, USA). NMR spectra (1H-, 13C-NMR, and
HMBC) were recorded using a JEOL JNM-ECS400 spectrometer (at 400 and 100 MHz) (Tokyo, Japan)
with CDCl3 as the solvent and internal standard.
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3.2. Synthesis Procedure of the Prepared Compound

The synthesis of the title compound followed the procedure reported by Suwito et al. (2017) [14].
A mixture of 5 mmol of 4-morpholinobenzaldehyde, 5 mmol of ethyl acetoacetate, 6 mmol of
5-aminotetrazole monohydrate, and 1 mmol of pTSA was dissolved in 3 mL of ethanol and refluxed
in a 25 mL round bottom flask. The progress of the reaction was followed by the TLC experiment.
The reaction mixture was stopped after 7 h of reflux, cooled to room temperature, and then precipitated
by the addition of cool water. The violet precipitate was filtered off and recrystallized with aqueous
ethanol to give purple needle crystals.

4. Conclusions

In conclusion, we successfully synthesized as a new compound ethyl 5-methyl-7-(4-
morpholinophenyl)-4,7-dihydrotetrazolo[1,5-a]pyrimidine-6-carboxylate using a three-component
Biginelli reaction starting from 4-morpholinobenzaldehyde, ethyl acetoacetate, and 5-amino-1-tetrazole
using pTSA as the catalyst under reflux.

Supplementary Materials: The following are available online at http://www.mdpi.com/1422-8599/2018/2/
M998/s1: HRESI-MS, FTIR, 1H-NMR, 13C-NMR, and HMBC spectra reported in the supplementary materials as
Figures S1–S6 and structure refinement parameters in Table S1.
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